slowing. The rapid growth of the major minority ethnic groups in the 1970s and 1980s were largely due to immigration from the New Commonwealth countries. 7 The 1991 Census of England and Wales estimated that the minority ethnic community was almost 2.95 million or 6% of the total population. It is estimated that the relative proportional increase of these groups will be primarily due to their relative younger age profile and larger family size compared to the white community. 7 Approximately 56% of these were identified as being of Indian extraction, while 30% were black. 8 Traditionally, in the dental literature, ethnic groups in the UK have been classified as white, Asian, black or other even though it was recognized that significant differences exist within these groups in terms of socio-economic status, lifestyle, genetic predisposition, disease patterns and mortality levels. 6 The report of the 1993 children's survey highlighted independent variables, which were considered to have possible influences on caries experience. 3 The influence of ethnic background was not considered since no records were kept on the ethnic background of the sample children. 3 However, from a number of small scale studies a common pattern is developing which shows that among schoolchildren, caries experience in the primary dentition is significantly higher in the Asian population than in the white group. 5 The mean dmft scores in Asian children are recorded as 1.5 to twice as high as those in white children. 5 It is still not clear whether ethnicity or social deprivation is the key variable when attempting to understand the differences in oral health. Oral health research has all too often indiscriminately used broad ethnic classifications e.g. Asian and failed to consider important social deprivation variables. This approach has diverted attention from the more fundamental issues such as low income and social class differences, which are well documented factors, which influence dental inequalities. Social deprivation in ethnic terms, may be better defined in terms of indirect variables such as ability to speak English, rather than the more established ones, e.g. unemployment. 9 The aim of this study was to examine the changes over a decade in caries experience amongst children aged 4-5 years living in a deprived multiethnic community in the United Kingdom.
Method
This study took place in the city of Manchester, north England, within the inner city area of Old Trafford. This district of the city was chosen because of its large minority ethnic population, combined with its high experience of socioeconomic deprivation. Children from several schools in the area were surveyed over three years between 1989 and 1991, and the findings and methodology of these surveys have been previously reported elsewhere. [10] [11] In summary, a single calibrated examiner (RB) undertook all dental examinations. An anglepoise lamp provided the illumination and compressed air was available. Only primary teeth were examined. The oral cleanliness was measured using the RESEARCH epidemiology Changes in oral health over ten years amongst UK children aged 4-5 years living in a deprived multiethnic area Results The unadjusted Odds Ratio for caries free children examined in 1998 compared with children examined prior to 1998, was only significant amongst the white group. White children examined in 1998 were over three times more likely to be caries free than white children examined previously. South Asian children whose mothers were non English speaking examined in 1998 were almost twice as likely to have good/fair oral cleanliness than those examined prior to 1998. Moreover, South Asian children whose mothers were non-English speaking in 1998 were over three times more likely not to have rampant caries than their counterparts in the earlier years. Conclusion There were significant improvements in caries and oral health amongst white children over the decade, and although less marked these were mirrored amongst South Asian children. I mprovements in prevention and the widespread use of fluoride dentifices have made a significant positive impact on child oral health. However, dental caries still remains one of the most common diseases of childhood. Much is known about the occurrence of dental caries in the United Kingdom child population, and this information is primarily gained from two sources. First, the decennial surveys, since 1973, conducted under the auspices of the Office of Population Censuses and Surveys. [1] [2] [3] Second, the regular surveys coordinated since 1985 by the British Association for the Study of Community Dentistry (BASCD). 4 The caries experience has declined dramatically in the child population over the two decades, with the mean dmft of 5-year-old children in England and Wales falling by over 50 percent. 1,2,5 However, little is known of the dental experience of minority ethnic children resident in the United Kingdom. [5] [6] The minority ethnic population has grown rapidly over the last 4 decades, but more recently the rate of growth now shows signs of categories advocated by James et al. 12 No radiographs were taken and 10% of the schoolchildren were chosen at random and reexamined at the end of the survey.
A dental survey was undertaken in 1998, using the same protocol and schools, to examine changes in the overall caries experience and changes in the oral cleanliness differentials between different ethnic groups. All schools in the area participated in each year of the study.
In total, this study evaluated the oral health status of 883 school children who were aged between 4 years 0 months and 5 years 11 months at the beginning of each of four school years (mean age: 5 years 6 months). Table 1 gives the frequencies of children by demographic characteristics.
Multiple regression analysis was used to explore the potential effects of age, gender, ethnic background and year of examination on caries experience, oral cleanliness and rampant caries. As it was hypothesised that the mother's command of English might have an impact on their children's oral health experiences, ethnic group was further classified amongst the South Asian children (the largest group within the study) according to their mother's ability to speak English. 10 The distributional properties of dmft were initially examined to confirm that the sample adopted an underlying Normal distribution. The percentage distributions of dmft including and excluding caries free children are shown in Figures 1 and 2 , respectively. It is clear from these figures that dmft did not follow a Normal distribution. Thus, it would have been erroneous to make inferences on dmft for different groups using procedures reliant on normality in the response (such as t-testing and simple regression). It was therefore decided to employ a separate regression analysis for only those children who were carious (dmft≠0) adopting a Poisson distribution. 13 Children were also analysed employing logistic regression with the binary response caries free and carious. The chi-squared test for trend was employed to detect any time effects of year of study.
Logistic regression was also used to explore oral cleanliness (good/fair vs. poor) and rampant caries. The latter was defined in two ways. Firstly, rampant caries was defined as present for children where two maxillary incisors were decayed, missing (due to decay), or filled (due to decay), or any combination of these. Secondly, rampant caries was defined as present for children with a dmft score greater than or equal to eight. All logistic regression analyses yielded odds ratios (ORs) where account had been made of the influence of all factors simultaneously. Such ORs are referred to as adjusted ORs because other covariate effects have been accounted for. Interactions between ethnic group and year were also sought through regression analyses, but this led to computational problems due to small numbers in many of the resulting categories.
Consequently, only unadjusted odds ratios (ORs) could be evaluated comparing changes over time by each ethnic group (unadjusted because they were calculated outwith a modelling process and thus did not take into account the influence of other covariate effects). The unadjusted odds of each binary outcome in 1998 was compared with the unadjusted odds for those children examined prior to 1998, for each ethnic group.
Results
All the primary and nursery schools in the Old Trafford area, participated in each survey. The residential area for the schools has remained over the study period to be classified as a deprived urban priority area, with the majority of families being from a low social economic background. The intra-operator reproducibility for each survey was always greater than κ=0.9 for both dental caries and oral cleanliness. The results of the regression analyses are shown in Table 2 , and unadjusted Odds Ratios (ORs) in Table 3 . It should be noted that the 'other' minority ethnic group (n=12) were not included in the analyses. The Poisson model in Table 2 indicates how each covariate affected the mean dmft score of those children who are carious (dmft≠0). The remaining logistic regression models in Table 2 reveal, for each covariate in turn, the adjusted ORs for each outcome.
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Caries experience
As expected, for children older than average, there was an associated increase in the dmft scale when compared with those children of average and younger age ( Table 2 ). There were no significant gender differences. South Asian children whose mothers were non-English speaking (NESM) were associated with a greater level of dmft than their white counterparts. The results also suggest that there was a general improvement in caries experience between 1989 and 1998. There was a significant trend between decreasing proportion of children with caries and increasing year of study.
The probability of being caries free for the Afro-Caribbean group was significantly greater than the probability of being caries free for the white group. An effect of similar magnitude was observed for the South Asian non-English speaking mother (NESM) group, although occurring in the opposite direction. That is, the probability of being caries free for the South Asian NESM group was significantly reduced compared with the probability of being caries free for the white group. There was also evidence to show that the probability of being caries free in 1998 was significantly greater than the respective probability in 1989.
The unadjusted OR for caries free children examined in 1998 compared with children examined prior to 1998 was only significant amongst the white group (Table 3) . White children examined in 1998 were over three times more likely to be caries free than white children examined previously. Although an insignificant result, it is worth noting that the estimate associated with the South Asian ESM group indicates a reduced chance of being caries free in 1998.
Perhaps the most prominent observation is associated with the South Asian NESM group. Not only were this group more likely to be carious than the white group, but they also had higher associated levels of dmft.
Oral cleanliness status
The probability of boys having poor oral cleanliness was significantly greater than the respective probability for girls ( Table 2 ). The Afro-Caribbean group were significantly more likely to have good/fair oral cleanliness than the white group. Both South Asian groups were significantly less likely to have good/fair oral cleanliness than the white group. The probabilities of good/fair oral cleanliness for children examined in 1998 and 1991 were significantly greater than the respective probability for children examined in 1989. The probabilities for examination years 1989 and 1990 were not statistically different. Furthermore, the results suggest that there was a general improvement in oral cleanliness associated with year of study. Again, there was a significant decreasing proportion of children with poor oral cleanliness against increasing year of study. background and major oral outcomes -unadjusted odds ratios (1998: 1989, 1990, 1991) There was a significant difference in the unadjusted ORs amongst only the South Asian NESM group (Table 3) . South Asian NESM children examined in 1998 were almost twice as likely to have good/fair oral cleanliness than South Asian NESM children examined prior to 1998. The ORs for white and South Asian ESM group just failed to reach significance, though it could be cautiously argued that the oral cleanliness status of children from these groups in 1998 is better, in general, than for previous examination years. The same argument could be applied to the Afro-Caribbean group since prior to 1998 14% of children had poor oral cleanliness, yet in 1998 all eighteen Afro-Caribbean children had good/fair oral cleanliness. Table 4 provides a summary of the main oral outcomes categorised by ethnicity and year of examination.
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Rampant caries
Age was a significant predictor of rampant caries (Table 2) when defined as dmft ≥ 8 but not when defined using maxillary incisors. For either definition, the probability of having rampant caries was significantly reduced for the Afro-Caribbean group when compared with the white group. Conversely, the probability of having rampant caries was significantly increased for the South Asian NESM group when compared with the white group.
Year of examination appeared to be only an influence when the first definition of rampant caries was employed. The probability of having rampant caries in 1990 was significantly greater than the respective probability for 1989. The year of examination covariates in both models suggested a possible trend but when formally assessed no significant associations were found.
Only the dmft ≥ 8 definition of rampant caries gave rise to a significant unadjusted OR (Table 3) . South Asian NESM children in 1998 were over three times more likely not to have rampant caries than their counterparts in the earlier years. This is noteworthy because although the results of Table 2 indicate that South Asian NESM children were more likely to have rampant caries than white children, the results of Table 3 shows that the prevalence is perhaps lessening. All other unadjusted results are insignificant. However, the estimates for the ORs for white and South Asian ESM groups differ in terms of their direction with respect to the definition of rampant caries. For the first definition, the results indicate that the odds of not having rampant caries have increased (1998 compared with previous years); whilst, for the second definition the corresponding odds have actually decreased.
Discussion
The comparisons over the decade are interesting but the 1990s have seen significant government policies to address inner city decline and investment in urban regeneration. The previously published data on Old Trafford children have varied, in that the first published study was undertaken in 1987 and 1988 involving only 5-year old children. 10 In this study an additional school was included which was subsequently closed. The study in 1989 comparing Old Trafford children with those in Greater Glasgow, examined 5 and 6-year old children. 11 In both the above studies, younger children were examined but excluded from the analysis and reports, [10] [11] and in this study the data was re-examined for all the years studied and just included 4-5-year olds.
These results illustrate how separating the outcome of caries experience into two component parts is more powerful than analysing the complete dmft scale as a whole. For example, it can be seen that age was a clear predictor of the amount of dmft present, but it did not have any significant influence on whether a child was carious or not. Furthermore, the Afro-Caribbean group was at less risk of being carious than the white group, but the level of caries for the two groups was not significantly different for children who were carious. Similarly, although there is evidence to suggest that the chance of being caries free increased (1998 compared with 1989), the caries levels amongst children with caries were not significantly different for any study year. It is important to note that these findings would have been missed if only a single approach for caries experience analysis had been adopted.
The chosen regression analysis is superior to a non-parametric approach because the effects of age, gender, ethnicity and year of examination can be measured simultaneously, giving rise to estimates that take into account the influence of other effects in the modelling process. Moreover, by separating the response into two parts it can be determined (separately) which factors influence whether or not caries was present, and those factors which influenced the amount of caries present. Unfortunately there were insufficient numbers to apply a similar methodology incorporating interactions between ethnic group and year of study. Unadjusted ORs could not account for all other factors simultaneously. Nevertheless, unadjusted ORs provided a valuable insight into the changing patterns of oral health amongst children from different minority ethnic groups resident in a deprived area.
Results suggested that there was a change in most outcomes associated with year of study. The use of the year covariate could not confirm this alone, and it was necessary to evaluate trend using the χ 2 test for trend. However, it would have been erroneous to fit a continuous year-of-study variable, as there were only four time points. The assumption that change in any outcome was linear over time would be further erroneous, since there have been significant changes in the provision of dental care to children throughout the study period e.g. capitation payments. 14 yielded a moderate but sudden shift in the oral health of children of similar ages to those in this study. Overall, the analyses reveal that there were improvements in the general oral health experiences of children aged 4-5 years resident in a deprived area. Levels of caries (dmft≠0) reduced and the proportion of caries free children increased over the ten-year study period. Oral cleanliness increased and rampant caries (defined by upper incisors) declined.
The analysis also revealed that there were many ethnic group differences in the oral health experiences of Old Trafford school children over the decade ( Table 2) . As reported previously, AfroCaribbean children generally faired better than white children, whilst South Asian children experienced more caries, were less likely to be caries free and had greater probability of poor oral cleanliness and rampant caries. However, this study indicates that improvements in caries and oral cleanliness amongst white children, whilst mirrored amongst South Asian children, were less marked (Table 3) . However, South Asian children whose mothers were non-English speaking in 1998 were over three times less likely to have rampant caries than their counterparts in the earlier years.
From these analyses alone it is impossible to ascertain whether the observed trends will be sustained or merely a product of chance sampling. It would be ideal to gather more data in order to correctly map out changes in the oral health experience of children from different ethnic groups resident in deprived areas. It is hoped that the same area will be surveyed at least once more to clarify this position. In the meantime, there would appear to remain considerable diversity in the general oral health by ethnic group, and in terms of caries and oral cleanliness, this inequality does not appear to be reducing. 
